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ABSTRACT 

' This paper explores the role that knowledge of the 
innovation process' plays in advancing world development. Other 
factors, sugih as political and economic influences, are also 
considered. (HLH) 
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t . , Introdifctlen * 

Innovation plays an important role in world development 
throdgrh both the development and diffusion of innovations* The 
latter enables gcoiK ^ ltt i c a l t anito to make use of innovations 
developed elsevrtiere^ while the former brings new products and 
processes into the world. The main objejctive of this paper 

* • 

is a preliminary exploration of the rolls' that knowledge of the 
innovation process may play in adv2incing. World developments 
Knowledge about innovation can be brought to bear most 
directly on the development of the capacity to innovate ^ 
including all aspects of innovation. This development of 
technical capacity should be carefully distinguished from 
economic development— which includes production of goods 
already existing-- ai^d political developmerit. A voluminous 
literature exists on the problem of economic development, 
dealing with both the so-called •'developed world" an^^^ 
"underdeveloped countries." It is not the piirpo^^/6f this 
paper to survey that literature though it bea^;Pneavily on. 
the development of technical capacity and ||i^uld be integrated 
with any careful and complete treatmexi^^f technological 
development » %e treatment of the.^^cess of developing 
technical capacity begins witii tKe suggestion of an inter- 
esting analogy between the^' inhovation process itself and the 
devalopmont of technologic^ caj^city. 



II > An Analogy ^ 

In discussing the innovation process ^Is a whole, the Geoargia 
Tech study (Kelly et al. 1975) accepted for analytic purposes 
^he distinction of the process into phases. The two major 
phases dealt with the development and the diffusion of ihnoya-* 
tions. The developinent phase was further subdivided into two 
subphases: problem definition and idea generation and 
research and developments ^'^1® ^ ecological model of innova- 
tion was adopted and 'the lineeur sequential mo4al of process 

phases explicitly rejected because of the mutual causal 

C 

relationships existing between the activities of the various 
phases (Kelly et al. 1975, Ch. 1) ^--^tHefe^^eAiains a sense in 
^ which ht least for analytical pxirposes a sequence can be said 
to exist. To clarify this sequence, a typology of ixmovative 
activity ranging from th6 lowest to the highest cognitive . ^ 
demands on the innovator (organl^tion or person) can b^ 
developed (see Rossini et al. 1975) x 

1. Adopter-makes use of an elsewhere preexisting 
product or process. Otie adopter requires knowledge 
of his needs and the relevant properties of the 
technological entity he intends to adopt. 

2. Adapter— adapts tljrough relatively minor modifications 
an elsewhere preexisting product or process to tl\e 
different conditions of a new environment. The 



adapter # in addition io the* adopter's jpiowledge, 
regaires ^ome small knowledge of the workings, of 
the technology he intends to adapt • 
' 3» Incremental Innovator~signi£icantly iuqproves the 
capabilities of a technology vhose main features 
are already known. Besides the ;7ava7ledge possessed 
by the adapter, the incremental innovator requires 
detailed basic knowledge of the technology being 
dealt with as well as pesrtdLnent scientific results. 
Ed needs the capability to conduct techi^ological 
research. 

4. Dis|p^tinuous Innovator*^creates a new product or 
process which breaks signlf^antly with the teth^ 
nological state-of-the-art. ''(For the pxa^poses of 
this paper discontinuous means discontinuous relative 
to the current state-of^the^-art rather than discontin- 
uous in a particular, limited context.) In addition 
to the knafledge capabilities of the incremental 
Innovator the discontinuous innovator may require 
the capability of basic scientific research. 
The dimension of knowledge was ^osen to illustrate the 
progressive differences of this collection of ideal 'types* 
Bovever, different dimensions, such as organizational stmjtcture 
or persoxial characteristics (see Kelly et al. 1975, Ch. 3), night 



be considered as . ^ « . 

Ohis typology has a rough pstrallel to the phases of the 
innovation - -ocess. Each level of innovative activity cor- 
responds approximately to an increasing capability for innova- 
tion. But instead of increasing in the direction of idea 
generation to ^dif fusion, the originca putative sequence^ of 
the innovation process, the increase is in the opposite 
direction. The adopter has mast^^ diffusion. In addition 
to this the adapter has developcJbiit c^^ilities. And the 
incremental innovator includes technical research. in his 
portfolio of capabilities, while the discontinuous innovator 
has basic scientific reseeurch idea cfeheration ab initio 
capabilities. a?hus the "innovator" may be said to develop 
capacity, because of the complexities of knowledge involved, 
from diffusion to idea generation. v 

At this point/ however, a warning is in order. Such a 
typology and analogy neglects crucial factors v;hich v;ill be 
operative in the case of any development in the real worlds 
Economic and political factors cannot be neglected as they 
are in this treatment, and o\ir future research will reflect 
such realities as formation of capital necessary for produc- 
tion and the government^ framex^ork within which technological 
capacity is developed^ furthermore^ neglecting these factors, 
distinctions mu3t be made among fields of technology for 

G • 



ixmovator units may be at different stages in different tech- 
nological areas depending on endcnraents and other contextual > 
constraints • , • " • 

Besides coinciding v;ith the phases of innovation this 
typology of innovative activity can be set into correspondence 

o 

with the three phases of international technology transfer 
* discussed by Hayami and Rutt^an (1371, pp. 174-6). Although 
they were concerned with the international dev^otaent of 
agriculture, their phases may prove useful beyond this sector. 
These phases are: 

1. Material transfer characterized by the transfer of 

V 

products and processes without any systematic atta^t 
at local adaptation. 

2. Design transfer through the transfer of certain 

y 

designs via blueprints, books, etc. During this 
phase imports are made in order to obtain new 
models or copy designs. Ddmestic production of 
import;5 of the previous phase is begun. Some 
initial, simple capability for development is 
developed » 

3* Capacity transfer through the traiisfer of technical 
and scientific knowledge and capacity which enables 
the production of locally adaptalild technology 
following the proto-type technology which exists 



6 



abroad.. Incremental iimovations take place In the 
y course of thio development* 

Technological progzress in this emalysis consists of waving 
from material transfer to capacity transfer* Stage 1^ material 
transfer, corresponds closely with adoption* Q5ie second stage # 
design transfer, is similar to adaption except that design 
transfer includes a production capability—an appropriate 
inclusion sixfipe Hayami and Ruttan are economi3ts----but a capabil-* 
ity which this analysis excludes* Capacity transfer is loosely^ 
similar to incremental innovation except that here, too, pro- 
duction capability is included* The usefulness of technology 
transfer models ceases at the level of discontinuous innova* 
tion for here the innovation is generated from the beginning 
and not brought in* Ohus discontinuous innovation has no 
parallel in Hayami and Rattan's typology^ 

mtive process and 
cognitively progressive stag^ of innovativa activity laid 
out, the question of develo^jment can be approache<3 from the 
perspective of ]cnowledge« Before turning to the specifics 
of development, it is useful to review our knowledge of 
knowledge in innovation* 

The Role of Knowledge in Innovation 
Following the analytic sequence from adoption to discon-* 
f tinuous innovation we first consider tho xolo of knowledge in 
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* adoption* In their studies of diiEfusion Mansfield ,et al. (1971) 
found that' adoption is slowed by lack of knowledge and that 
adopter units (ii^ this, case fioiis) Vith laore highly educated 
xaanagement tend to adopt earlier. In their efforts to explain 
results as to why eeurlier adopters had more^echicationf Nelson 
and Phelps (1966) suggested that in a technologically progres- 
siva economy management is a function requiring adaptation to 
change and the more educated a manager is, the quicker he will 
introduce new products and processes. 

It iB important to note that ,these results deal with - 
levels of education and not with any specific pieces or blocks 
of knowledge • Kius the effect of education is in the creation 

* of a social climate or frame of mind which. is oriented to 

favor innovation. This same sort of Tiackground effect of O 

knowledge^ -bame through clearly in the work of Langrish et al# 

^1972) concerned with We. development, rathef than the diffusion/ 

of innovations* Considering the role pf scientific knowledge 

in facilitating technological innovation, they stressed indirect, 

rather than direct, ef fectsl^ (p* 40) i ^ 

First, curiosity, oriented science r practiced largely 
in academic institutions, provides techniques of 
investigation^ Second, it also provides people 
trained in using these techniques as x^ell as in 
scientific v;ays of thought in general* -.Third, 
science enters innovation already embodied in- 
tecamological form. It may be relatively rare 
for a piece of curiosity oriented research to 
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generate a piece of new technology, but once 
this process has occurred, the technology can 
be used over and over again and developed into 
iBore advanced technology. - 

Moving to more definite forms of knwledge, ^e knowledge 
of the specific needs which the innovation is intended to meet 
is of paramount inportance, though this topic is, in^its 
jeaeplicit form, missing from the Uterature. In the case of • 
•ineeds, specific technical needs with measurable parameters 
might usefully be distinguished from economic needs such as 
profit maximization or political needs such as maintaining 
the stability of the regime. The importance of needs infor- 
mation in innovation has been hypothesized by Kelly et al. 
(1975) i Its importance lies in that demand {as expressed by 
needs) rather than supply (e.g., of scientific or technical 
knowledge) is the dominant determinant of innovation (see 
Schmookler .1966' and the review article by Utterback 1974) . 
Knowledge of needs determines (with the knowledge of con- 
straints)' the choice for adaption among competing, innova- 
tions. Lilc^wise (as the references cited above indicate) 
the development of innovations is spurred by ,the expression 
of need through market demands. 

^technological knowledge operates .to facilitate the devel- 
opment of innovations. Preexisting configurations of tech- 
nological knowledge focus technological development. An ^ 

t . 
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"imbalance" or "reverse salient" (Hughes 1971) refers to a 
bottleneck of knowledge, breaking. of which would advance 
technology along a broad front. 

A sequence of imbalances is to be found in the textil.e 
industry in the 18th century. Richard Kay "Is invention of the 
"flying shuttle" speeded up the weaving proces^ upsetting the 
usual ratio of four spinners to one weaver; either there had 
to be many mpre spinners to supply a weaver with sufficient 
thread or yam, or else spinning had to be similarly quickep.ed 
''by innovations in that field. A series of inventions by ^James 
Bargreaves, Richard Cartowright, and Samuel Crompton m>dSded 
up the spinning process. Then Cartwright set about mechanizing 
the weaving operation in order to take full advantage of the 
now-abundant yam produced by the new" machines. The result 

was the power loom. These machines lowered the price and 

« 

hence created a large new market for cotton textiles. Another 
bottleneck developed in the supply of raw cotton, where the 
chief difficulty lay in the amount of labor involved in picking 
the seeds from the bolls. O^iis problem was solved by Bli^ 
Whitney's invention of the cotton gin, which more than tripled 
the amount of seed-free cotton which coixld be produced per 
man per day. Uius, innovations in one field produced a need 
for Inventions in other related fields (MantouK 1961, Part II, 
Chapters 1*2) • 
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^ If a \mlt lacJcs isuff icient technical knowledge to be ready 
for an innovation, thdt innovation will Jfail as Polzunov'a 
invention of a ateam engine in 18th century Russia failed when 
its boiler leaked and no one could repair it (Zvorikine et 
al* 1962, pp. 138-9) • 

. llheae observ^ions about technological knowledge can be 
used to support the contention that a broad technical knowledge 
base in an eurea is needed for innovation beyond mere adaption* 
Indeed .the predOTiinant evidence indicates that technological 
knowledge alone, without direct application of basic .scientific 
knowledge, is sufficient for the development cf innovations. 
StdA emerges very explicitly from project hindsight (Sherwin 
and Isenson 1966) in .which the Department of Defense studied 
the rble* of basic science in weapons development and^ found 
essenti^ally that it had none. Olie work of Achiadelis et al. 
a971), Myers and Marquis (1969), and Langrish et al. (1972) 
supports* this negative view in Jwroader contexts. 7^ inspection 
of the case studies of Jewkes et al. (19&9) also supports 

"\ ' " • ^ ' 

this claim. \ 

But as Langrish et al. hoted (above) there are indirect 
effects vAich are quite significant. Direct benefits appear 
to be distant. It is a long way intellectually from Einstein^s 
the^y of relativity to a working nuclear reactor* But without 
the former, or some surrogate, the latter appears impossible. 



Thus there must be a connectlorv, albeit distantly and through 
interxnediaries* 

TiaCBS ;(1968) 9 an aptly named project sponsored by the 
Natioxuti^Science Foundationj sought the such connections* * 
-Although it found*, them, in the case o£ several important 
innovations f such as the oral contraceptive, these connections 
were almost always quite distant from the point of innovation* 
Examples of the immediate impact of basic scientific research 
programs on specific innovations euch as the work of Shcckley 
and his solid state physics group at Bell Labs on the 
transistor (Vteiner 1973; Nelson 1962) and Carothers and his 
polymer chemistry groiflp at Du Pont on nylon (Mueller, 1962) 
are simply exceptions to the general rule .which have the 
common propexiry that they ar^breakthrough, discontitwiotis *, 
innovations. 

With the typology of tJ^e second section and the data 
the* third, and . keeping well in mind the caveats mentioned 
throughout, especially as to the limitaticois of this treat- 
ment, strategic considerations in development can now be 
addressed* 

3[V* Strategic Considerations c 

This SQption proposes to discuss with some degree of 
ippecificity the types and levels of knowledge needed to 
develop and maintain the four levels. of technological 
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capability* These wera zaentioned casually as the typology 

.%ra8 introduced^ but here they will be amplified emd judti£i*» 

cations will be advanced* No attempt will be made to apply 

these considerations directly to^ specific situations^ but 

they could apply to geopolitical xrnits wishing to plan 

their technologicetl destinies and sxibdivisions of these 

units* The perspective taken will be that of the innovator* 

It should be clear that the same unit can be at different 

stages of development relative to different technologies* 

A* Adoption 

Information relating to needs is paramount in 

the case of adoption* Adoption consists of a choice of 

existing technologies* Knowing v^t is needed is a step 

toward intelligent choice* This constitutes an argument 

for planning* Clearly some technical knowledge is necessary 

In this case technical capability on the Bachelor's level . 
» 

.Wbuld seem to suffice along with mechanisms for estab- 
lishing needs and determining the options available to meet* 
th^* The importance of need and market knowi^dga cannot 
be over stressed* It is important to note that needs are 
multi-dimensional, containing social, political, >and 
econcodc dimensions as well- as technical* The adoption 
should always bo viewed as adoption into a.multi-dimensionaX 
context and the congziaence of the innovation with^ the 
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existing sitoatlon la ixnp^^tnt (for exaxnples In different 
contexts see Splcer 1953:^ Bright 1964)7 sensitivity 
to the pro-adoption propa^vda of propagators may prevent 
costly errors. 

B* Adaption 

In adaption teM^cal knowledge takes on greater 
importance. Here it is »cessary to know how things work 
as well as what they do admeasured in various parameters. 

A state-of-the-art technical capability is not required. 

\, \ 

Both for adaption and production of pre-existing designs 

of relatively unsophisticated ^chnologies, significant 

Wit ^1 

research capabili^ ls^necessa%. However, developmeyxtal 
skills of the '•cut and try" variety are needed. Need and 
market information, as with adoption, is necessaaTr* How- 
ever, its relative emphasis decreases as the need for 
technical skills becomes more pronounced. Scientific 
knowledge is not an important factor here. Some basic 
scientific background of technical personnel is ^appro- 
priate, to set a tone, but after a point such background 
is "wiiidow dressing*" a a a u tfe a te e lmtuully ^^ ^ ^nw n b f ^ 
en -y iM i nii ^ i ^las hwieel i toainlng s hnnl fl hn hybrid b a fi ei 
< ^ a% h < > ihan e lt^i a fc ^ 

C. Incremental Innovation 

At this point state-of-the-art or near state-of- 
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the«>art technicjU capabD.lt/ becoaas highly deslredole. Thia^ 
ability to conduct' technlp^d research Is crudeil for aAy 

' significant linprovements* This capability may have some 

*• ^ • ' 

spillage into some applied are^ts of science r but as yet 

' <* ' • . 

basic scientific re^search is simply not needed* What is 
> - ' . • 

needed^ however, is the ability to trahsl^ate basic • 

' scientific results into usable fozito tof technological . . . 

i|uiovation v^en and where these are needed* Much of "pure 

science" knowledge still jremains decorative rather, than 

useful, but the gap between incremental innovation and 

basic Science is not nearly as pronounced as the gap 

between basic science <md adaption. In such an environ-- 

♦ 

ment xmiverslty level capabilities of education are 
necessary* Bere too market and need information £u:e 
essential # but the increase in complexity of the technical 
base makes this information more complex* 

p* Discontinuous Innovation 
^ . At this stage innovation cohf rents th% unknown* 

In the other three classes of innovative activity there 
was a reference. frame which oriented the, activities* Some*- 
one had gone that route before* Here there is no firm guide^ 
line*^ Heeds to be met by technologies whose impacts are not 
clearly Understood are needs likely to be changed* The 

r 

enhancement of the capability for novelty may be helped by 

16 • 
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the? proximity of relatively free flowixxg basic research* 
The Doslr immediate contacts between scientific knowledge 
and technological innovation lie in discontinixons innova- 
tions. The problem of bringing the^basic science to the 
technologist in usable form l8» a dif f ioat problem and one 
whose solution hasr in>the pastr contributed to innovation 
(see Brittain 1970) . The importanpe of another form 
of knowledge-- knowledge of the future consequences of 
technologies through techholo^ assessment (see Hetman 
1973 for a good overview) --is apparent in the context of 
the unknown. Historically technology has significantly 
shaped and altered our worjd. Knowing r insofar as we can, 
what will happen if novel technologies of a certain type 
are introduced helps plan for the future. In a situation 
like this one where the frontiers of all types of knovT- 
ledge are being probed, the problem of information over- 
load may become acute as it has i jecuiwi a a ut » in our society 
The diffictilty of getting the right piece of knowledge to 
ppess on with ongoing work wheii the sources 6f knowledge 
are so man^^ and so dispersed is considerable « This is^ ^ 
the hardest form of innovative acrtivity to deal with as 
it is unprecedented. 

V. Concltidinq Remarks ^ , 

Knowledge felays an^lfeportant role in innovation.*^ In a 



16 



given situation the progressive development of knowledge may 
lezid to an enhancement of innovative* capability • The aaain 
4 , thruat of this paper hM been to hypothesize a coordination 
between innovative capability and types and levels of 
knowledge » But there ^u:e many other factdrs in development 
besides the technical # and more dimensions of development 
^ ^ besides knowledge ♦ flhjf raaligtlr pffnrt iif nnlwif um iuiuiy ^ 
¥ n1 y (i n f tnnnTntitn 1 i f imflntt^T^nfl -''r — t^^^"'' ^^^^^ 
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jj i rlnfl^ ntrtr r\}^'^^ *>w^r«A 'if . .f ..»■ ^t the very least 
political and economic factors impinging on the process ^ t 
of technical develoianent should be included in the treat- 
ment* Likewise at least organizational .and behavioral 
dimensions should be included*^ 

Vet this treatment, limited and-idealized thiough it 
may be, seems to suggest the potential fruitfulness of the 
analogy of the inverse progressio^' between the development 

and the diffusion of "an innovation and the process of the 

.V 

development of technical capabilities as illustrated in the 

case- of knowledge. It may suggest a framework for deaUng ^joire ex'**'^' ^'J 

with t^hnical development as a phenomenwj^lin its ovm 

right and thus serve as a useful means for linking the 

innovation and development literatures** 
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